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I  INTRODUCTION 


Stanford  Research  Institute  has  been  engaged  by  the  Bureau  of  Ships 
to  continue  studies  on  preparation  of  g-silicon  carbide  for  semiconduct¬ 
ing  device  applications.  Crystals  of  silicon  carbide  are  grown  from 
solution,  using  molten  silicon  as  the  solvent. 

During  earlier  periods  in  the  present  contract,  nitrogen  was  iden¬ 
tified  as  the  dominant  donor  impurity  in  the  g-silicon  carbide  crystals 
grown;  these  were  invariably  n-type  of  low  resistivity  .01  ohm-cm) . 
Once  techniques  were  perfected  for  removing  nitrogen  prior  to  crystal 
growth,  large  increases  in  resistivity  were  observed.  It  then  became 
possible  to  evaluate  the  chemical  treatment  for  removing  metallic  impur¬ 
ities  from  the  starting  materials.  The  improved  purity  control,  obtained 
during  the  last  report  period,  resulted  in  preparation  of  pure  g-silicon 
carbide  crystals  having  resistivities  greater  than  100  ohm-cm. 


II  SUMMARY  AND  CONCLUSIONS 


During  this  report  period,  p-type  crystals  were  grown  using  boron 
and  aluminum  additions  to  the  silicon  melts.  Some  difficulty  arose  as 
a  result  of  compensation  by  impurities  in  the  boron  employed,  but  doping 
levels  obtained  using  aluminum  additions  appeared  quite  uniform  and 
amenable  to  control.  Satisfactory  results  are  anticipated  for  boron  when 
higher  purity,  zone-refined  rod  form  is  used. 

Ohmic  contacts  were  obtained  on  low  resistivity  (0. 1-1.0  ohm-cm) 
n-type  silicon  carbide  by  soldering  gold  wires  directly  to  the  crystals. 

A  number  of  crystals  were  prepared  for  Hall  measurements  (five-contact 
method)  using  this  technique. 

For  high  resistivity  silicon  carbide,  ohmic  contacts  were  prepared 
by  flash-fusing  carbon-saturated  silicon  on  the  crystal  surfaces  in  an 
arc-image  furnace.  Rectifying  contacts  were  prepared  by  this  technique 
using  carbon-free  silicon  of  the  proper  conductivity  type. 

Hall  measurements  on  recently  grown  n-type  pure  crystals  of  p-silicon 

2 

carbide  indicate  room  temperature  mobilities  as  high  as  4700  cm  /v-sec 

15  ,  3 

and  carrier  concentrations  as  low  as  1.4  x  10  electrons/cm  .  These 
results  were  obtained  on  relatively  low  resistivity  crystals  (0. 1-1.0 
ohm-cm).  Reliable  data  have  not  yet  been  obtained  on  pure  high  resis¬ 
tivity  crystals  or  on  p-type  crystals. 

Simple  diodes  were  produced  from  p-type  p-silicon  carbide  crystals. 
Intense  light  was  observed  at  the  emitting  junction  when  some  of  these 
diodes  were  being  tested. 
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Ill  EXPERIMENTAL  STUDIES  AND  DISCUSSIONS 


A.  Crystal  Growth 

P-type  crystals  of  p-silicon  carbide  were  successfully  grown  in 
both  boron-  and  aluminum-doped  melts  during  this  quarter.  Dopant  con¬ 
centration,  crystal  type,  color,  and  approximate  resistivity  for  a 
number  of  experiments  are  summarized  in  Table  I. 

As  low  as  .005%  aluminum  in  a  silicon  melt  (run  111)  produced  p-type, 
~  10  ohm-cm  crystals  containing  less  than  10  ppm  aluminum.  During  an 
earlier  silicon  carbide  program,  as  high  as  1%  aluminum  concentration 
failed  to  dope  crystals  p-type  because  of  the  high  nitrogen  concentration 
in  these  crystals.  The  earlier  crystals  (run  64),  although  they  con¬ 
tained  250  ppm  aluminum,  were  low  resistivity  n-type. 

Approximately  .2%  boron  added  to  the  melt  in  run  109  resulted  in 
growth  of  .5  ohm-cm  p-type  crystals  containing  60  ppm  boron.  During 
the  earlier  program  five  times  as  much  boron  (1%)  failed  to  dope  the 
crystals  p-type.  The  latter  crystals  (run  60)  contained  190  ppm  boron, 
and  were  high  resistivity  n-type. 

The  degree  and  reproducibility  of  doping  were  monitored  by  emission 
spectrographic  analyses  of  crystals  and  silicon  melts.  The  minimum 
concentration  of  aluminum  in  the  melt  needed  to  assure  the  growth  of 
p-type  crystals  under  recently  improved  purity  conditions  appears  to  be 
approximately  .005%  aluminum.  Less  than  .005%  aluminum  in  the  melt 
(run  113)  yielded  n-type  high  resistivity  crystals  containing  no  detect¬ 
able  aluminum. 

As  yet,  the  minimum  boron  concentration  in  a  silicon  melt  necessary 
to  dope  silicon  carbide  p-type  has  not  been  accurately  determined.  In 
run  108,  powdered  Fisher  boron  failed  to  dope  crystals  p-type  when  added 
to  the  melt  in  concentrations  as  high  as  .6%.  The  powdered  boron  used 
in  these  experiments  apparently  introduced  additional  n-type  carriers 
via  nitrogen  and  other  impurities.  Considerable  improvement  can  be 
seen  from  Table  I  to  result  from  the  use  of  "Knapic  grade"  boron  (run 
109),  In  this  case,  a  0.21%  boron  addition  to  the  silicon  resulted  in 
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Table  I 


DOPANT  CONCENTRATION,  CRYSTAL  TYPE,  RESISTIVITY,  AND  COLOR 
IN  p-SILICON  CARBIDE  CRYSTALS 


Run 

Number 

Dopant  in 
Silicon  Melt 

Dopant  in 
SiC  Crystals 
(ppm) 

Crystal 

Type 

Approximate 
Resistivity 
(ohm- cm) 

Crystal 

Color 

601 

2 

1%  Boron 

190 

n 

1000 

black 

611 

2 

.1%  Boron 

30 

n 

0.1 

brown 

641 

*  1%  Aluminum 

250 

n 

0.2 

green 

107 

3 

.06%  Boron 

3 

n 

1000 

light  green 

108 

3 

.6%  Boron 

90 

most  n 
few  p 

0.5 

dark  green 

109 

2 

.21%  Boron 

60 

P 

0.5 

green 

110 

*  4%  Aluminum 

200 

P 

low4 

blue-green 

111 

.005%  Aluminum 

<  10 

P 

10 

yellow-green 

113 

<  .005%  Aluminum 

none 

detected 

'  n 

i _ 

very  high 

yellow 

Crystals  grown  during  previous  program 

2 

"Knapic  grade"  Boron 

3Fisher  grade  Boron 
4 

No  usable  single  crystals 
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p-type  SiC  crystals.  Analyses  of  the  dopant  materials  used  in  these 
experiments  are  summarized  in  Table  II.  Zone-refined  99.9999%  pure 
boron  rod  has  been  obtained ,  and  99.999%  pure  aluminum  rod  has  been 
ordered  for  use  in  future  experiments.  Zone-refined  polycrystalline 
rod  should  prove  easier  to  degas  than  the  previously  used  powdered  form. 

If  necessary,  a  separate  degassing  step  will  be  used  to  eliminate  nitrogen 
from  dopants  prior  to  use  in  crystal  growing  runs. 

The  doping  levels  obtained  using  reasonably  pure  aluminum  additions 
appeared  Quite  uniform  and  amenable  to  control.  Comparable  results  are 
anticipated  for  boron  additions  when  degassed  pure  boron  is  employed  as 
the  p-type  dopant. 

B.  Contact  and  Junction  Formation 

The  formation  of  good  ohmic  contacts  and  rectifying  junctions  on 
(3-SiC  crystals  is  necessary  before  meaningful  electrical  measurements 
can  be  obtained. 

Two  techniques  were  employed  during  this  period  for  the  formation 
of  reliable  contacts.  In  the  case  of  low  resistivity  crystals  (0.1-1 
ohm-cm) ,  ohmic  contacts  were  formed  with  a  thermocompression  bonding 
apparatus  using  gold  wires  and  an  indium-tin  solder. 

For  p-type  and  high  resistivity  n-type  crystals,  contacts  were 
formed  by  flash-fusing  silicon  beads  in  an  arc-image  furnace.  In  this 
process,  small  bits  of  silicon  are  melted  on  the  crystals  in  the  focus 
of  an  arc-image  furnace  apparatus.  The  crystal  rests  on  a  graphite 
pedestal  contained  within  a  glass  envelope  which  is  purged  with  argon 
gas.  The  silicon  bits  on  the  crystal  are  heated  above  1500°C  for 
approximately  five  seconds  in  the  focal  region  of  the  arc-image  furnace. 

Ohmic  contacts  were  obtained  by  fusing  carbon-saturated  silicon  to 
the  silicon  carbide  crystals.  When  the  silicon  was  saturated  with  carbon, 
ohmic  contacts  were  usually  obtained  regardless  of  the  carrier  type  of 
either  the  silicon  or  silicon  carbide. 
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Table  II 


PURITY  OF  DOPANT  MATERIALS 


Metallic 

Impurities 

(ppm)* 

Fisher  Purified 
Boron  Powder 

"Knapic  Boron" 
Powder 

Hilger 

Aluminum 

Turnings 

Cu 

120 

240 

24 

Ca 

350 

280 

nil 

Mg 

30,000 

90 

30 

Fe 

2,250 

900 

150 

A1 

750 

100 

principal 

constituent 

Sr 

15 

nil 

nil 

Mn 

640 

nil 

nil 

Ba 

10 

nil 

nil 

Pb 

1,150 

nil 

nil 

Semiquantitative  emission  spectrographic  analyses 
quoted  +  factor  of  3 
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Rectifying  contacts  were  obtained  when  carbon-free,  n-type  silicon 
was  fused  to  p-type  SiC  crystals  or  when  carbon-free  p-type  silicon  was 
fused  to  n-type  SiC.  It  appears  that  solution  and  recrystallization  of 
the  silicon  carbide  occurs  in  this  case  to  provide  an  SiC-SiC  junction. 
However,  no  sections  have  been  made  yet  to  establish  the  nature  or  depth 
of  the  reaction  zone.  Examination  of  the  region  around  the  contact  points 
under  polarized  light  revealed  no  strain  for  properly  prepared  contacts. 

C .  Crystal  Evaluation 

The  resistivities  of  pure  (>  10  ohm-cm)  and  p-type  crystals  are 
extremely  difficult  to  measure  reliably  using  a  four-point -probe  tech¬ 
nique  owing  to  contact  problems.  To  obtain  the  approximate  resistivity 
values  reported  in  Table  I,  two  fused  silicon,  ohmic  contacts  were  formed 
on  the  same  face  of  each  crystal.  The  crystal  was  then  swept  with  a 
ten-cycle  sine  wave  and  the  I-V  curve  was  traced  on  an  oscilloscope. 

A  modified  thermoelectric  probe  apparatus’^  was  used  to  determine  the 
majority  carrier  in  these  crystals.  In  this  procedure,  the  probes  are 
inserted  into  liquid  gallium  or  mercury  pools  contained  in  parallel 
grooves  machined  in  a  plastic  holder.  With  the  grooves  placed  one  milli¬ 
meter  apart,  the  specimen  is  positioned  to  bridge  the  metallic  pools. 

This  method  provides  a  rapid  nondestructive  means  for  obtaining  good  con¬ 
tact  when  determining  the  crystal  type  of  small,  fragile  crystals. 

Hall  measurements  were  made  on  two  undoped  crystals  selected  from 
run  101,  using  the  five-contact  technique.  The  crystals  selected  had  a 
length-to-width  ratio  of  about  5  to  1.  Contacts  were  made  with  gold 
wires  using  a  thermocompression  bonding  apparatus,  in  order  to  obtain 
accurate  positioning  of  the  contact  points.  This  necessitated  the  use 
of  relatively  low  resistivity  n-type  crystals  in  order  to  form  reliable, 
ohmic  contacts.  While  the  flash-fusion  method  would  permit  preparation 

^jould,  H.  J.,  Determining  p-  and  n-Type  Conduction  in  Very  Small 
Crystals,  Rev.  Sci.  Instr.  33,  No.  12  (1962) 
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of  ohmic  contacts  on  high  resistivity  or  p-type  crystals!  we  have  not 
yet  developed  techniques  for  forming  five,  closely  positioned  contacts 
in  this  manner. 

Values  obtained  from  measurements  made  at  Stanford  Research  Institute 
and  at  Hewlett-Packard  Associates  are  shown  in  Table  III. 


Table  III 

RESULTS  OF  HALL  MEASUREMENTS  ON  p-SiC  CRYSTALS 


Crystal  Number 

101  H 

101  H 

101  A 

Measuring  Laboratory 

SRI 

HPA 

SRI 

Hall  Constant 

\coul 1 

443 

624 

5330 

-3 

Carrier  Concentration  (cm  ) 

1.67  x  1016 

1.18  x  1016 

1.38  x  1015 

Carrier  Mobility 

2 

cm 

2100 

3265 

4670 

v-secj 

Crystal  Resistivity  (ohm-cm) 

0.179 

0.163 

0.971 

Of  particular  interest  in  these  measurements  are  the  high  mobility 

values  observed  as  compared  with  values  reported  in  the  literature  for 
,  2 

pure  a-SiC  v  100  cm  /v-sec)  and  the  values  obtained  for  impure  (3-SiC 
2  2  3 

(10-30  cm  /v-sec).  ’  While  these  values  are  somewhat  surprising,  it  is 
not  unreasonable  to  expect  large  differences  between  the  a  and  p  modifica¬ 
tions.  Although  data  must  be  obtained  on  more  crystals  to  confirm  these 
results,  the  reproducibility  of  measurements  taken  in  two  laboratories  is 
encouraging. 

3  7T 

In  calculating  the  carrier  concentration,  the  factor  —  was  employed. 

o 

While  this  factor  may  contribute  some  error  to  the  calculations,  the  error 
2 

Pohl,  R,  G.,  Electrical  Properties  of  Beta  Silicon  Carbide,  Silicon  Carbide, 
A  High  Temperature  Semiconductor,  Pergamon  Press,  1960,  p.  319 

3 

Halden,  F.  A.,  W.  P,  Meuli,  W.  J.  Fredericks,  Growth  of  Silicon  Carbide 
Single  Crystals,  Stanford  Research  Institute  Final  Report,  Bureau  of 
Ships,  Contract  No.  NObsr-72772  (1961) 
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would  probably  not  exceed  a  factor  of  two.  In  the  event  that  the  maximum 

and  minimum  of  the  energy  in  the  valence  and  conduction  bands,  respectively, 

are  displaced,  this  factor  should  be  quite  good.  Some  indications  that 

this  is  the  case  are  presented  in  the  following  section,  and  also  in  the 
4 

literature . 

D.  Device  Fabrication  Studies 

Simple  diodes  were  fabricated  during  this  period  by  fusing  two  dots 
of  silicon  to  the  same  face  of  a  p-type  SiC  crystal  (10  ohm-cm) .  One  dot 
was  n-type,  carbon-free  silicon  (rectifying  junction),  and  the  other  was 
p-type,  carbon-saturated  silicon  (ohmic  contact). 

The  I-V  characteristic  for  one  of  the  p-n  junctions  studied  is  shown 
in  Fig.  1.  The  data  were  obtained  by  sweeping  the  diode  with  a  ten-cycle 
sine  wave  and  observing  the  I-V  characteristic  on  an  oscilloscope.  It 
will  be  noticed  that  the  breakdown  is  relatively  sharp,  but  most  of 
the  samples  tested  showed  a  soft  breakdown  starting  around  15  volts.  The 
voltage  drop  in  the  forward  direction  is  appreciable,  probably  because  of 
the  high  series  resistance  of  the  thin,  narrow,  high  resistivity  crystals 
used  with  contacts  5  to  10  mils  apart. 

Due  to  high  series  resistance  and  small  crystal  volume,  appreciable 
heating  took  place  when  the  current  was  increased.  This  affected  the 
I-V  characteristic  of  the  p-n  junction  by  greatly  lowering  the  forward 
voltage  drop.  In  addition,  the  breakdown  sharpened,  but  the  breakdown 
voltage  remained  almost  constant.  A  possible  explanation  for  this  is  that 
the  impurity  levels  are  far  above  the  valence  band,  so  the  impurities  are 
effectively  ionized  at  high  temperatures.  For  a-SiC  the  level  of  aluminum 
has  been  determined  to  be  0.275  ev  above  the  valence  band. 

By  passing  the  maximum  power  available  through  this  crystal,  it  was 
heated  resistively  until  the  quartz  support  on  which  it  was  mounted  began 
to  soften  (1300°-1400°C) .  Upon  cooling  to  room  temperature,  the  diode  again 
retraced  exactly  the  curve  shown  in  Fig.  1. 

^Keyes,  R.  W.,  Review  of  Section  IV,  Silicon  Carbide,  A  High  Temperature 
Semiconductor,  Pergamon  Press,  1960,  p.  395 
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A  noticeable  amount  of  orange  light  was  radiated  from  the  emitting 

junction  when  the  diode  was  forward  biased.  At  3  ma,  corresponding  to  a 

2 

current  density  of  50  amp/cm  ,  the  light  was  easily  observable  with  the 
naked  eye  even  when  a  microscope  light  was  shining  on  the  diode.  As  the 
current  density  was  increased,  the  intensity  of  the  emitted  light  rose  and 
the  wave  length  decreased.  At  about  one  amp  the  color  of  the  light  was 
green. 

With  a  reduced  series  resistance,  the  p-n  junction  may  have  possibil¬ 
ities  as  a  small  light  source.  Similar  observations  have  been  made  for 
a-SiC  where  the  radiant  light  was  yellow  at  low  current  densities  and 
changed  to  blue  for  large  current  densities.  The  light  emission  has  been 
explained  to  be  due  to  recombination  of  the  injected  carriers  with  the 
carriers  of  the  SiC.  At  low  current  densities  the  recombination  takes 
place  via  impurity  levels  or  traps  in  the  band  gap.  As  the  current  is 
increased  and  the  impurity  levels  or  traps  become  filled,  the  chances  for 
direct  recombination  across  the  energy  gap  rise.  At  very  high  current 
density  most  of  the  light  comes  from  direct  recombination,  and  the  color 
of  the  light  is  thus  proportional  to  the  energy  band  gap.  The  above 
observations  may  indicate  that  the  band  gap  for  p-SiC  is  slightly  smaller 
than  the  band  gap  for  a-SiC.  If  the  wave  length  for  the  green  emitted 
light  is  taken  to  be  0.52  p. ,  the  equivalent  band  gap  is  approximately 

2.4  ev.  This  is  in  close  agreement  with  energy  gaps  reported  in  the 

4 

literature  for  p-SiC. 

During  the  experiment  at  high  current  densities,  it  was  noticed  that 
the  highest  temperature  was  reached  directly  under  the  light-emitting 
portion  of  the  diode.  This  indicates  emission  of  phonons  in  the  recom¬ 
bination  process  and  thus  that  the  maximum  and  minimum  of  the  energy  in 
the  valence  and  conduction  bands,  respectively,  are  displaced. 
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IV  FUTURE  WORK 


During  the  next  quarter  doping  levels  necessary  to  prepare  p-type 
crystals  will  be  correlated  with  electrical  measurements  on  these  crystals. 
Attempts  will  be  made  to  form  sharp  p-n  junctions  during  crystal  growth 
by  rapid  addition  of  boron  or  aluminum  to  the  melt  when  the  crystals  are 
approximately  1/2  to  2/3  grown.  Additional  crystal  growth  during  the 
remainder  of  the  run  should  then  be  p-type .  Grown  junctions  will  be 
evaluated,  and  specific  g-silicon  carbide  devices  will  be  fabricated  as 
time  permits. 
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Washington  25,  D.  C. 

Department  of  the  Navy  1 

Bureau  of  Naval  Weapons,  Code  RAAV-333 
Washington  25,  D.  C. 

Department  of  the  Navy  l 

Office  of  Naval  Research 

Chief  of  Naval  Research,  Code  427 

Washington  25,  D.  C. 

Attn:  A*  A.  Shostak 

Director  1 

U*  S.  Naval  Research  Laboratory 
Washington  25,  D.  Ca 
Attn:  Code  2020 

Director  * 

U.  S.  Naval  Research  Laboratory 
Washington  25,  D.  C. 

Attn:  A.  Brodzinsky,  Code  5210 

Director  * 

U.  S*  Naval  Research  Laboratory 
Washington  25,  D.  C. 

Attn:  G.  Abraham,  Code  5266 
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Commander 

New  York  Naval  Shipyard 
Material  Laboratory*  Code  923 
Naval  Base 
Brooklyn  1,  New  York 

Commander 

U*  S.  Naval  Ordnance  Laboratory 
White  Oak*  Maryland 
Attn:  W*  W«  Scanlon 

Commanding  Officer 

U.  S.  Army  Signal  Research  and  Development  Lab 

Solid  State  Division 

Attn:  SIGRA/SL-PF  (H.  Jacobs) 

Commander 

Aeronautical  Systems  Division 
Attn:  R.  D.  Alberts 
ASRNEM,  AFSC 

Wright- Patterson  Air  Force  Base 
Dayton,  Ohio 

Commander*  ESD  (AFCRL) 

Attn:  R.  P*  Dolan*  CRR-CSA 
L.  G.  Hanscom  Field 
Bedford*  Massachusetts 

Ordnance  Corps,  Department  of  the  Army 
Diamond  Ordnance  and  Fuze  Laboratories 
Connecticut  Avenue  and  Van  Ness  Street,  N.  W. 
Washington  25,  D.  C. 

Attn:  T.  M.  Liimatainen 

Director 

National  Bureau  of  Standards 
Electronics  and  Electricity  Division 
Electronic  Engineering  Section 
Washington  25,  D.  C* 

Attn:  Gustave  Shapiro 

Advisory  Group  on  Electron  Devices 
346  Broadway,  8th  Floor 
New  York  13,  New  York 
Attn:  H,  J,  Sullivan 


Commander 

Armed  Services  Technical  Information  Agency 
Attn:  TLAI 
Arlington  Hall  Station 
Arlington  12,  Virginia 

Armour  Research  Foundation 
Technology  Center 
Chicago  16,  Illinois 
Attn:  J.  Buttrey 

Battelle  Memorial  Institute 
505  King  Avenue 
Columbus,  Ohio 
Attn:  C.  S*  Peet 

Bell  Telephone  Laboratories 
Murray  Hill,  New  Jersey 
Attn:  R.  M.  Ryder 

CBS  Laboratories 
227  High  Ridge  Road 
Stamford,  Connecticut 
Attn:  W.  W.  Gaertner 

The  Exolon  Company 
Tonawanda,  New  York 
Attn:  R.  G.  Rowe 

General  Electric  Company 
Research  Laboratory 
Schenectady,  New  York 
Attn:  C.  J.  Gallagher 

Giannini  Controls  Corporation 
1600  S.  Mountain  Avenue 
Duarte,  California 
Attn:  Library 

Grand  Central  Rocket  Company 
Post  Office  Box  111 
Redlands,  California 
Attn:  Cledo  Brunetti 


Hughes  Products 
Semiconductor  Division 
500  Superior  Avenue 
Newport  Beach,  California 
Attn:  E.  L.  Steele 

Knapic  Electro- Physics,  Inc. 

936-38-40  Industrial  Avenue 
Palo  Alto,  California 
Attn:  A.  H.  Jacobson,  Jr. 

IBM  Components  Laboratory 
Building  701  -  Department  677 
Poughkeepsie,  New  York 
Attn:  J.  E.  Thomas,  Jr. 

The  Martin  Company 
Post  Office  Box  5837 
Orlando,  Florida 
Attn:  Dr.  Paul  Pickar 

Marquardt  Corporation 
Nuclear  Systems  Division 
7655  Saticoy  Street 
Van  Nuys,  California 

Massachusetts  Institute  of  Technology 
Lincoln  Laboratory 
Lexington  73,  Massachusetts 
Attn:  R.  H.  Rediker 

Merck  and  Company,  Inc. 
Communications  Division 
Rahway,  New  Jersey 
Attn:  H.  Larzlerle 

Motorola,  Inc. 

Semiconductor  Products  Division 
5005  East  McDowell  Road 
Phoenix,  Arizona 

Owens  Corning  Fiberglass  Corporation 
Post  Office  Box  415 
Granville,  Ohio 
Attn;  Games  Slayter 
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Pacific  Semiconductors,  Inc. 

10451  West  Jefferson  Boulevard 
Culver  City,  California 

Philco  Corporation 
Lansdale  Division 
Lansdale,  Pennsylvania 
Attn:  C.  G.  Thornton 

Radio  Corporation  of  America 
RCA  Laboratories 
Princeton,  New  Jersey 
Attn:  W.  M.  Webster 

Raytheon  Company 
Research  Division  Library 
28  Seyon  Street 
Waltham  54,  Massachusetts 

Sylvania  Electric  Products,  Inc. 
Semiconductor  Division 
100  Sylvan  Road 
Woburn,  Massachusetts 
Attn:  T.  A.  Longo 

Texas  Instruments,  Inc. 

Central  Research  and  Engineering 
P.  O.  Box  5474 
Dallas  22,  Texas 
Attn:  Technical  Reports  Service 

Transitron  Electronic  Corporation 
168  Albion  Street 
Wakefield,  Massachusetts 

Tyco  Laboratories,  Inc. 

Bear  Hill 

Waltham,  54,  Massachusetts 

Union  Carbide  Metals  Company 
4625  Royal  Avenue 
P.  O.  Box  330 
Niagara  Falls,  New  York 
Attn:  F.  H.  Buttner 


U.  S«  Semiconductor  Products 
3540  West  Osborn  Road 
Phoenix,  Arizona 
Attn:  George  A.  Louis 

Westinghouse  Electric  Corporation 
Youngwood,  Pennsylvania 

Wesson  Metal  Corporation 
Lexington,  Kentucky 
Attn:  BerndRoss 

University  of  California 
Electronic  Engineering  Department 
Berkeley,  California 
Attn:  A.  C.  English 


STANFORD 

RESEARCH 

INSTITUTE 


MENLO  PARK 
CALIFORNIA 


Regional  Offices  and  Laboratories 


Southern  California  Laboratories 
820  Mission  Street 
South  Pasadena,  California 

Washington  Office 

808  17th  Street,  N.W. 

Washington  6,  D.C. 

New  York  Office 

270  Park  Avenue,  Room  1770 
New  York  17,  New  York 

Detroit  Office 

1025  East  Maple  Road 
Birmingham,  Michigan 


European  Office 
Pelikanstrasse  37 
Zurich  1,  Switzerland 


Japan  Office 

911  lino  Building 

22,  2-chome,  Uchj$aiwai*cho,  Chiyoda-ku 
Tokyo,  Japan 


Representatives 


Honolulu,  Hawaii 
1125  Ala  Moana  Blvd. 
Honolulu,  Hawaii 


London,  England 
19,  Upper  Brook  Street 
London,  W.  1,  England 


Milan,  Italy 

Via  Macedonio  Melloni,  49 
Milano,  Italy 

Toronto,  Ontario,  Canada 
Room  710,  67  Yonge  St. 
Toronto,  Ontario,  Canada 


